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The effect of aeration, initial inoculum and meat microflora
on the growth kinetics of Listeria monocytogenes in
selective enrichment broths

The effect of increased aeration, initial inoculum and the meat microflora on the
growth kinetics of Listeria monocytogenes in meat samples enriched in Listeria
selective broth were investigated. Growth rate and lag phase duration were calcu-
lated following linear regression analysis on the growth data. Neither aeration or
variations in the initial inoculum levels altered the length of the lag phase or the
growth rate of L. monocytogenes. The growth kinetics of the meat microflora was
similar under all of the experimental conditions investigated. Overall the meat
microflora was shown to have a faster growth rate than L. monacytogenes in selec-
tive media. Organisms growing during Listeria selective enrichment were identified
as Lactobacillus plantarum, Lactobacillus delbrueckii and pseudomonads. The im-
plications of the growth of these organisms in Listeria selective broths are discussed.

Introduction

The detection of pathogens from selec-
tive enrichment broths is an important
step in conventional isolation methods.
It is also important for many rapid
methods which require sample enrich-
ment to grow numbers of the target
pathogen to detectable levels. Such
methods include immunomagnetic tech-
niques (Skjerve et al.1990, Blackburn et
al. 1991), flow cell cytometry (Boye et al.
1983, Donnelly et al. 1986), electrical
methods (Bolton 1990, Ogden 1990), en-
zyme linked immunoasorbent assays
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(Mattingly et al. 1988, Walker et al.
1990) and DNA hybridization techniques
(Rossen et al. 1991, Wernars et al. 1991).

Little work has been carried out to de-
termine the growth kinetics of Listeria
monocytogenes in commonly used en-
richment media. Different workers have
recommended various enrichment broths
as being the most suitable for the isola-
tion of L. monocytogenes from food
samples with large numbers of compet-
ing microflora (Doyle and Schoeni 1986,
Lammerding and Doyle 1989, van Net-
ten et al. 1989, Yu and Fung 1991). Few
of these recommendations are based on
the growth kinetics of the organism in
these broths.



Aerated, stirred cultures

Pure culture and inoculated meat systems
were established a described above. Incuba-
tion condition were modified by pumping air
into the flasks (Air pump, Jetto, Hong Kong)
at a rate of 30-0 I min and stirred continu-
ously at a speed of 1000 rev min™! using an
electric stirrer (IKA-Werk, Janke & Kunkel,
Germany). Other incubation conditions were
as previously described.

Effect of aeration and initial meat
micro-flora on L. monocytogenes growth

Minced beef samples with initial TVCs rang-
ing between log,(6-7 (6-04—6-97), 7-8 (7-12—
7.90) or 89 (8-09-8-99) cfu g~! were prepared
as above and inoculated with L. monocyto-
genes to achieve an initial level of 1.0 cfu ml™.
All cultures were set up in duplicate. One was
aerated with stirring and the other used as a
static control. Samples were taken hourly and
assayed for L. monocytogenes and TVC.

Effect of inoculum level on L. monocyto-
genes growth

Four samples of minced beef (25.0 g) were
mixed with L. monocytogenes suspensions
(10-0 ml) containing 1, 25, 250 and 2500 cfu
respectively. This yielded meat samples con-
taining L. monocytogenes at concentrations
of125g7,1¢7, 10 g™ and 100 g*. The inoc-
ulated meat samples were placed in 225 ml
of enrichment broth to give cultures contain-
ing L. monocytogenes at final concentrations
of 0-004, 0-11 and 10 cfu mi™.

Growth of meat microflora in Listeria
selective broths

It was decided to identify the bacteria which
were responsible for the increases in the
TVC’s during incubation in the selective
enrichment broths (UVM I, Palcam). Micro-
organisms frequently isolated using identifi-
cation methods described by Cowan and Steel
(1965) included Lactobacillus plantarum,
Lactobacillus delbrueckii, pseudomonads and
Aeromonas.

Further information on these four contam-
inants was acquired by determining the
growth characteristics for these four organ-
isms in Listeria selective enrichment broths.
10 cfu of each of the organisms were added
to 10-0 ml of 0-1% peptone water using the
procedure previously described and the sus-
pension was added to 225 ml Listeria selec-
tive enrichment broth. During incubation,

1.0 and 0-1ml aliquots were pipetted at regu-
lar intervals from the culture system and
plated onto PCA (Oxoid), MRS agar (Oxoid),
Pseudomonas agar (CFC, Oxoid) and starch
ampicillin agar (Palumbo et al. 1985) to
count total viable bacteria, the lactobacilli.
Pseudomonas and Aeromonas respectively.
The PCA plates, MRS plates and Pseu-
domonas agar plates were incubated at 25°C
for 3 days. The starch ampicillin agar plates
were incubated anaerobically at 30°C for 2
days. Colonies were counted and the number
of Lactobacillus plantarum, Lactobacillus
delbrueckii, Pseudomonas spp. and Aero-
monas in the culture were calculated.

Lactobacillus delbrueckii and Lactobacillus
plantarum were distinguishable on the MRS
plates due to the differences in the morphol-
ogy of the colonies for these two organisms.

Lactobacillus plantarum being large (3—4
mm) cream coloured raised colonies and Lac-
tobacillus delbrueckii a small pinpoint (0-5-1
mm) rough textured, white colony. When in-
oculated into pure cultures of Listeria selec-
tive broths no growth of either of the
Lactobacilli occurred. It was deemed that
the meat contained essential growth factors
for lactobacilli (Sharpe and Fryer 1965). It
was necessary to obtain meat which was free
of lactobacilli, pseudomonads and Aeromonas
to carry out the growth curve studies.

Samples of minced beef (250 g) were auto-
claved at 121°C for 15 min. The samples
were mixed with inocula (10 ml) containing
Lactobacillus plantarum (25 cfu ml™Y), Lacto-
bacillus delbrueckii (25 cfu ml™?), Pseudo-
monas isolate (25 cfu ml™!, and Aeromonas
(25 cfu ml™) and placed in 225 ml Listeria
selective enrichment broth (UVM I or Pal-
cam) giving a final inoculum of 1.0 cfu ml™ of
each species in the culture. The cultures
were incubated at 30°C £1°C for 32 h.

All the above experiments were carried
with the addition of Listeria monocytogenes
(1 cfu ml™) to ascertain if these organisms had
any effect on the growth of the pathogen.

Statistical analysis

In this study, the growth curves were gener-
ated using regression analysis. The growth
kinetics calculated included specific growth
rates and the lag phase durations.

These were calculated as described by
Broughall et al. (1983). All data was included
that occurred between the point that the ini-
tial inoculum level had increased by 50% until
the point that the population density ceased to



When facultatively anaerobic organ-
isms such as Listeria monocytogenes
grow in enrichment cultures they very
quickly use up the available oxygen in
the environment and a shift to anaero-
bic respiration will then occur. It was
considered that by maintaining aerobic
respiration which gives a much higher
energy yield than anaerobic respiration,
that a faster growth rate could be ob-
tained (Trivett and Meyer 1971, George
and Lund 1992).

However, others such as Schiemann
and Olsen (1984) have reported that
aeration has no effect on growth.

When predicting the growth of a
pathogen, such as L. monocytogenes, in
an enriched meat system, a number of
factors may influence growth. These in-
clude the effect of the initial L. monocyto-
genes inoculum and whether the organism
can compete with a large microflora on
the food sample (Lanciotti 1992).

In this study, an investigation was
carried out to determine the growth ki-
netics (growth rates and lag phase dura-
tions) of L. monocytogenes in two
commonly used enrichment broths. Ex-

periments were carried out both in pure’

culture and in the presence of the nor-
mal microflora of the meat. The
influence of the initial inoculum level of
L. monocytogenes, and aeration on the
growth of L. monocytogenes were also
examined.

Materials and Methods

Meat sample

Beef mince samples were obtained from local
butcher shops, supermarkets or from the
abattoir of the Industrial Development Unit
(IDU) on site. All samples used were exam-
ined for the presence of naturally occurring
Listeria using the USDA-FSIS procedure
(McClain and Lee 1988).

L. monocytogenes culture

L. monocytogenes serotype 4b (NCTC 11994)
was obtained from the National Collection of

Type Cultures at the Central Public Health
Laboratory, Colindale, London.

L. monocytogenes inoculum

L. monocytogenes was streaked onto tryp-
tone soya agar (TSA) (Oxoid, Hants, UK)
and incubated overnight at 30°C. An isolated
colony was picked from the TSA plate using
a sterile loop and dispersed into 9-0 ml of
0-1% peptone water (Difco, Detroit, MI,
USA). The number of L. monocytogenes cells
per ml of suspension was determined using a
membrane filtration epifluorescent tech-
nique (Walls et al. 1989). The suspension
was diluted in peptone water (0-1%) to give
the desired inoculum levels.

All experiments in these investigations
were replicated on three occasions.

Pure and meat cu.lture systems

Pure culture system were prepared by
adding 10-0ml of inoculum containing L.
monocytogenes (23 cfu ml™! to 225 ml of
Listeria selective broth (UVM I, Oxoid) or
Palcam broth (Lab M, Bury, UK) in a sterile
flask. To prepare a meat culture system, a
sample of beef mince (25-0 g) was mixed with
10-0 ml of L. monocytogenes inoculum con-
taining 25 cfu ml™. The inoculated meat
sample was placed in a sterile flask with 225
ml of enrichment broth (UVM I or Palcam).
The final inoculum in both cultures was
approximately 1.0 cfu ml™. Both pure and
meat culture systems were incubated in a
thermostatically controlled water-bath (AGB
Scientific, Dublin) at 30 £1°C for 32 h.

Generation of growth curves

At hourly intervals during incubation of the
pure or meat culture 1.0 or 0-1 ml aliquots
were pipetted from the culture and plated
onto Listeria selective agar (Palcam agar,
Lab M). The 1.0 ml plates were dried for 1h
in a laminar flow cabinet (Nuaire class IT A)
prior to incubation at 30°C for 48 h. Typical
Listeria colonies were counted and the num-
ber of L. monocytogenes per ml of culture
were calculated. In the case of the meat cul-
tures five representative colonies from each
sampling time were confirmed as L. monocy-
togenes (McLauchlin 1987).

In addition, 1.0 and 0-1 ml aliquots were
pipetted from the meat culture systems at
hourly intervals and plated onto plate count
agar (Oxoid). The plates were incubated at
25°C for 3 days and the total viable count
(TVC) calculated.



increase. Specific growth rates were deter-

mined from the slopes of the regression line.

The length of the lag phases were determined

by substituting the initial inoculum values

in to the regression equation and solving.
The regression equation

Y=MX+C (1)
was rearranged to

Y-C

where:

X =time (predicted lag phase value) (h);

Y = population density (initial inoculum)
[log,o cfu ml™!J;

C =intercept;

M = slope.

F-tests and ¢-tests were used to compare the
specific growth rates and lag phase durations
obtained for L. monocytogenes and TVC’s
under different cultural conditions.

The t-tests were as follows:

mean, — mean,

V (SEy)? + (SEp)?

Because the predicted lag phase durations
were independent variables the standard
errors were calculated from the following
equation at 95% confidence limits
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where:

t =T value in the tables with n-2 degrees

of freedom;
X  =lag phase duration;
RSD = residual standard deviation;

b = regression coefficient;

n  =number of replicates;

C =t (standard error of b),
5 .

This is not a symmetrical standard error but
when the value for b (regression coefficient)
is close to 1, the value of C becomes small
and the above equation can be simplified to
give a symmetrical standard error (Snedelor
and Cochran 1967).
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Results

Growth curves generated for L. monocy-
togenes in all pure and meat culture sys-
tems were similar. The line of best fit
was linear and the correlation coeffi-
cients (r?) varied between 0-94 and 0-98.
No significant differences were ob-
served between specific growth rate or
lag phase duration for non-aerated and
aerated, stirred cultures in pure or meat
systems (Table 1). It was also shown
that the initial TVC (log,,6-9) of the
meat had no significant effect on the
growth of L. monocytogenes (Table 2).
There were no significant differences be-
tween the growth rates and lag phase
durations for the two selective media.
The effect of different initial inoculum
levels on the growth kinetics of L. mono-
cytogenes is shown in Table 3. The growth
rates for the different inocula were very
uniform and differences between them
were non-significant. More substantial
differences were noted among the
observed lag times, depending on the
initial inoculum levels. Nevertheless,
these differences were non-significant,
indicating a high degree of variability

Table 1. The effect of aeration on the
growth kinetics of Listeria monocyto-
genes in meat and pure culture systems
in UVM I broth.

Growth Pure Meat t-test
conditions culture culture
Specific growth rate

(logecfu ml™ h?)

Non-aerated 0-28 0.46 NS
Aerated 0-30 0-45 NS
t-test NS NS

Lag time (h)

Non-aerated 4.01 4.62 NS
Aerated - 3-96 4.51 NS
t-test NS NS

Standard error of differences between means for:
(1) growth rate = + 0-08; (2) lag time = +0-54.

Degrees of freedom = 8.

NS, Non-significant.



Table 4. The effect of different enrichment media and initial total counts on the

growth kinetics of the meat microflora.

Initial meat microflora (log;,cfu g71)

Enrichment

media 67 7-8 8-9 F-test
Specific growth rate

(logyocfu ml™' h?)

UVWM1 0-84 0-86 0-54 NS
PALCAM 0-75 0-67 0-65 NS
Lag time (h)

UVM1I 1.78 258 1.89 NS
PALCAM 1.27 1.07 1-89 NS

Standard error of differences between means: (1) growth rate = + 0-13; (2) lag time = +0-49.

Degrees of freedom: residual = 6; treatment = 8.
NS, Non-significant.

Table 5. Comparison of the growth kinetics of the meat microflora and Listeria

monocytogenes in meat cultures.

Enrichment broth TVC L. monocytogenes t-test
Specific growth rate (log,,cfu ml! h™)

UVM1I 0-75 0-46 P<0.01
PALCAM 0-70 0-42 P<0-01
t-test NS NS

Lag phase (h)

UVM I 2-08 4.62 P <0-001
PALCAM 141 399 P<0-001
t-test NS NS

Standard error of differences for: (1) growth rate = Listeria = + 0-06; TVC = +£0-04.

(2) lag time Listeria = £0-47; TVC = £0-50.
Degrees of freedom = 8.
NS, Non-significant.

not grow though it did survive the enrich-
ment procedure. It was also shown that in
the presence of these contaminants the
growth rate of Listeria was similar to
that observed for the total flora growing
in meat systems as shown in Table 5.

Discussion

This study was carried out to determine
the growth kinetics of L. monocytogenes
in commonly used selective enrichment
media. In particular, the use of enrich-

Table 6. Individual and combined
growth rates (log;ocfu ml™ h™) of L. plan-
tarum, L. delbrueckii, Pseudomonas spp.
and Listeria monocytogenes in two en-
richment media after co-inoculation
(1 cfu g'") into sterile cooked meat.

Bacterial Enrichment media
species UVMI PALCAM
TvVC 0-77 0-68
L. plantarum 0-21 0-28
L. delbrueckii 0-28 0-25
Pseudomonas 0-17 0-12
Listeria monocytogenes  0-35 0-38




ment broths for the isolation of the
pathogen from meat samples was inves-
tigated.

The study showed no difference
between the growth curves obtained for
L. monocytogenes in pure or meat cul-
ture systems. This would confirm the
view that modelling systems to predict
the growth of pathogens or spoilage or-
ganisms on foods can be obtained from
experiments in pure cultures, using lab-
oratory media (Gibson et al. 1988).

When aerobic or facultative anaerobic
bacteria grow in any culture system,
they metabolize the oxygen present in
their immediate environment. Resul-
tant reductions in oxygen levels can
lead to a reduction in growth rate. The
objective of aeration and stirring or agi-
tation is to ensure that there is no such
depletion of available oxygen and that
high growth rates are maintained. How-
ever, in the present study aeration and
stirring was without significant effect
on the growth kinetics of L. monocyto-
genes in pure or meat culture systems,
indicating that this is not a limiting fac-
tor in the enrichment cultures. Trivett
and Meyer (1971) demonstrated that in
a medium with iron present, the growth
rate of L. monocytogenes was stimulated
by shaking the culture. This has also
been observed by George and Lund
(1992) for this organism. In contrast,
other studies have indicated that bacte-
rial growth in culture is inhibited by
aeration.

A series of studies carried out by
Buchanan and Phillips (1990) and
Buchanan and Klawitter (1990) have
shown that lag times are reduced and
generation times increased in anaerobic
conditions, particularly under non-opti-
mal growth conditions. The temperature
and pH conditions were almost identical
to those reported by George and Lund
(1992). Studies on Yersinia enterocolit-
ica have shown that aeration was with-

out effect on growth (Schiemann and
Olsen 1984).

The above discussion indicates some
considerable confusion regarding the
effect of aeration on growth. This may
be related to the precise conditions for
aeration. It is interesting to note that in
the majority of the studies referred to
above aeration was achieved by agita-
tion but the amounts and extent of this
are not stated. Where aerated cultures
were used by Davies et al. (1991) com-
pared to the present work, the volumes
used were very different (30 1 min™ vs
1.8 1 min?). Clearly the effect of aeration/
oxygenation requires further clarification.

In this study the lag phase appeared
to be longer in systems with lower in-
oculum levels. This view would be in
agreement with Wilson and Miles (1964)
who reported longer lag phase durations
when the inocula were small. However,
statistical analysis of the results obtained
in the current study showed no signifi-
cant differences in the lag phase dura-
tion between cultures inoculated with
different initial Listeria numbers. This
result was obtained because of the large
variability and high standard error asso-
ciated with these experiments. Mackey
and Kerridge (1990) also found that the
size of the Salmonella inoculum had no
significant effect on maximum growth rate
or final cell concentration of the pathogen.
Studies by Buchanan and Phillips (1990)
and Lanciotti et al. (1992) also concluded
that L. monocytogenes grew indepen-
dently of the initial inoculum size.

In the present study the influence of
the initial level of the total meat
microflora and the growth of L. monocy-
togenes was investigated. The data
showed that changes in the initial flora
had no effect on the subsequent growth
of L. monocytogenes in enrichment
broths. It was also observed that the meat
microflora had a significantly faster growth
rate than Listeria but this did not



appear to interfere with the isolation of
the pathogen.

Tran et al. (1990) also concluded that
the level of aerobic microflora did not
influence the subsequent isolation of
Listeria in different enrichment broths.
Dallas et al. (1991) stated that organ-
isms growing in enrichment broths do
not necessarily compete with Listeria.

Regarding the total bacterial flora
growing during the selective enrichment
of Listeria monocytogenes, it was deter-
mined that the organisms growing
included L. plantarum, L. delbrueckii
and pseudomonads. Other workers have
judged the selectivity of detection proce-
dures on the basis of contaminants
occurring on the selective agar plates i.e.
enterococci and staphylococci (Buchanan
et al. 1987, van Cassiday et al. 1989,
van Netten et al. 1989). The results of
this present study demonstrate that a
much larger and more varied number of
contaminants are growing in the enrich-
ment media.

For cultural detection methods the
selectivity of detection is determined by
the selectivity of the enrichment proce-
dure and the plating method. However,
for many rapid methods, selectivity is
based on liquid enrichment and large
numbers of contaminants may have
significant implications.

Although in this study the large num-
ber of coselected organisms did not
appear to have an effect on the growth
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